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Response G1 and S1. 4 Our research aimed to assess the influence of vehicle emissions and nucleation events in terms of when and how these sources affected the vertical profiles of particle concentration, but not the underlying mechanism of secondary particle formation. Therefore, our intention was to identify the presence, but not the physico-chemical formation of the particles.
To clarify the nucleation event definition, the following paragraph has been added to section 2.5 as an introduction.
" Morawska et al. (2008) And, identification of a nucleation event has been revised as follows:
"In order to identify nucleation events, contour plots of data based on a 24-hour period, from 0: 00 -24:00, were visually analysed. Criteria proposed by Dal Maso et al. (2005) and Hussein et al. (2008) were then applied to identify nucleation events. These criteria are : (i) a distinctly new mode of particles must appear in the size distribution; (ii) the mode starts in size range of < 30 nm; (iii) the mode prevails over a time period of hours; and (iv) the new mode shows signs of growth. In urban environments, nucleation events have been observed both with and without particle growth (Cheung et al., 2011; Gao et al., 2009; Park et al., 2008) . Therefore, an event where the nucleation mode particle number concentrations increased during the day, but the particles did not grow larger during the event period, as indicated by a near constant Geometric Mean Diameter (GMD) value, was also considered as a nucleation event. Atmospheric conditions during the events were also recorded to identify the preconditions for nucleation process."
Based on the first and third criteria of the nucleation event definition, it can be seen that it is very difficult to clearly distinguished primary particles in the particle size distribution and they rarely exists for several hours.
A discussion on the sources of the nucleation events at Buildings A, B and C is provided in section 3.2.2 (from para. 5, line 26, page 1624 to para. 2, line 22, page 1627).
It should be noted that local gaseous pollutant data was not collected in our study to assist differentiation of primary from secondary particles as such assessment was not our intention.
Comment G2
It is hard to believe that new particle formation due to chemical reactions can be apparently observed at roadside sites given that emissions from vehicles are fresh and secondary formation needs time to occur. However, primary emissions of nucleation mode particles are possible at roadside sites such as vehicles and nearby sources. In contrast, at ambient sites (sites away from main emission sources) in urban areas secondary particle formation have been widely reported.
Response G2
Previous studies on secondary particles formed from the precursors of vehicle exhaust gases, have been observed near a busy freeway (Charron and Harrison, 2003; Gramotnev and Ristovski, 2004; Harrison et al., 1999; Kittelson et al., 2002; Ntziachristos et al., 2007; Rosenbohm et al., 2005; Sturm et al., 2003; Westerdahl et al., 2005; Zhu et al., 2004 ) and onroad (Casati et al., 2007; Giechaskiel et al., 2005; Kittelson et al., 2004; Kittelson et al., 2006; Pirjola et al., 2004; Rönkkö et al., 2006; Vogt et al., 2003) . Therefore, our observations of the nucleation events at Building A, close to the busway and Building C, close to the freeway are not unusual.
Comment G3
In order to differentiate primary emissions from secondary formation of nucleation mode particles in urban areas, it is obviously not sufficient to measure PN and PM2.5 concentrations. Much more chemicals need to be monitored such as gas-phase primary pollutants CO, NO and SO2, and secondary pollutants such as O3 and SO42-. By comparing the time series of these air pollutants with nucleation mode PN, this problem may be resolved.
Response G3
As we noted in the response G1 and S1.4, O 3 , CO, NO and SO 2 were not measured around the building envelopes to distinguish between primary and secondary particles. However, our data has included PM 2.5 and PN concentrations in different size ranges, and their spectra plots. The nucleation event identification criteria were then used to recognize when vehicle emissions or nucleation events were the dominant source, and how strongly it affected the particle concentration vertical profiles.
Comment G4
Apart from local contributions, regional transport is another important factor affecting the secondary formation. New particles could be formed upwind somewhere else and then be transported to the sites. Though the authors stated that regional transport affected the new particle formation at Building B, it is not convincing that this was caused by a nearby industry zone based on wind direction/speed. Backward trajectory analysis is necessary for the discussion of regional transport impact. 
Response G4

Specific comments
Experimental
Comment S1.1 Sampling locations Figures 1 -3 did not provide enough information about the sampling sites. It is important to have information on the surrounding environments, especially potential major sources of PN and PM2.5 near the sites. For instance, by checking the Google Earth, I noticed that Brisbane is surrounded by a river. Are there boats on the river? What was the frequency? What fuel was used? Some studies reported that nucleation mode PN emitted from ships was below 10 nm.
Response S1.1 More information describing the measurement sites and potential major pollution sources have been added to section 2.1, paragraph 1, p. 1617, lines 24-26, as follows:
The phrase -We selected ... two million people‖ has been revised to "Our research was conducted in the subtropical city of Brisbane, which is the capital city of Queensland, Australia. Further information on the topography and meteorology of this region is described in Cheung et al. (2011) 
. The Brisbane River meanders around the city, and the major air pollution sources found in the CBD are inner-city traffic emissions, and aircraft, ship and industrial emissions transported from the lower reaches of the River, located approximately 15-18 km NE of the CBD. We selected three urban office buildings, located close to busy roads with different terrains."
Comment S1.2 sampling My understanding is that the rooftop site was continuously monitored while the lower-level sites were switched in the buildings. Clear information needs to be provided on how the sampling was conducted, such as outdoor air was sampled. Where was the sampling inlet? How far was the sampling inlet from the building walls and so on?
Response S1.2 Further information on the sampling process has been added in section 2. . meteorological data Continuous measurement of meteorological data is critical to understand the new particle formation, if any. By looking at the time series of solar radiation, temperature and winds with pollutants, the possible mechanisms of new particle formation could be explored. And The traffic flow rates on the streets close to the sampling sites at Buildings A, B, and C have been added to the new figs. 5, S1, and S2, respectively. Wind direction and speed, solar radiation, and temperature and humidity have been added to the new figs. 6, 8, S3, S5, S7, and S9. These figures are illustrated in appendixes.
Results
Comment S2.1 It is not common to say -particle size distribution concentrations‖. It may be said either -particle size distribution and concentration‖ or -nucleation mode, Aitken mode and accumulation mode particle concentration‖
Response S2.1
The phrase ‗Particle number size distribution concentrations' has been revised to ‗Particle number size distribution -PNSD'. Comment S2.2 1st sentence, para 2, page 1622: It is not obvious for Building B.
Response S2.2
The 1st sentence of paragraph 2, page 1622, lines 7-8 has been revised to "Daily mean variations of PN size fraction concentrations increased in the early morning and late afternoon at Buildings A and C." Comment S2.4 3rd sentence, para 2, p1622: be careful when the statement of -: : :suggests the occurrence of new particle formation‖ was given as it could be either primary or secondary emissions.
Response S2.4
Primary particles generated from the engine often range in size from 30 to 500 nm, while secondary particles formed outside, are generally in the range below 30 nm (Morawska et al., 2008) . Only the PN concentration in the size range of < 30 nm, increased when the other size ranges decreased. In addition, the traffic flow rates on the streets close to the sampling sites decreased during the midday period, which could further suggest the occurrence of newly formed particles. To clarify this, the following has been added to the section 3.1., paragraph. 4, p. 1622, lines 11 -13:
The sentence -In contrast, ... of new particle formation.‖ has been revised to "In contrast, N <30 concentration increased at noon, while other particle size ranges remained constant or decreased at both the rooftop and street levels of all three buildings. In addition, the traffic flow rates decreased around midday. This could suggest the occurrence of new particle formation during this period." Comment S2.5 last para, page 1622: how many weekdays were characterised by absent or unclear nucleation events for each site? How do you define unclear nucleation events?
Response S2. 5 We measured 26, 17, and 23 days at Building A, B and C, respectively (refer to section 2.3). We identified 7, 9, and 3 nucleation days at Building A, B and C, respectively (refer to section 3.2.2). So there were 19, 8, and 20 non-or unclear nucleation event days at Building A, B, and C, respectively. Comment S2.6 3.2.2 Influence of new particle formation on : : :: : :. From figs 8, 9 S5-8, it is hard to believe new particle formation occurred because the PN concentration from 8.5 -15 nm was almost nil, and no other evidence i.e. O3, CO, NO and SO2 measurement data was given. Also, unlike described in the manuscript, the accumulation-mode PN appeared to have good correlation with nucleation-mode PN in these figs, meaning primary source emissions with different size of particles.
Response S2.6
Our data presented in figs. 8, 9, S5-8 (the new figs. 8,9, S7-10) show that the PN in both size ranges of < 30 nm and 30 -100 nm, and PM 2.5 concentrations increased during the rush hour periods. However, only N < 30 concentration increased, while both N 30-100 and PM 2.5 concentrations decreased during the midday period. Simultaneously, the spectra of particle size distribution clearly show the occurrence of nucleation events during these times. Comment S2.7 1st and 2nd paras, p1625: it could be true that the N<30 and N<30/N30-300 at the rooftop were higher than those at ground levels. However, the reasons may not be right as the chemistry at rooftop may be totally different from that at roadside. At roadside, chemical reactions for new particle formation in the atmosphere would be very limited due to highly fresh emissions and constrained oxidant concentrations i.e. O3 and OH. Hence, most likely the N<30 was related to direct emission at ground level while the air mass at rooftop could have chemical reactions to form new particles plus vertical diffusion of primary nucleation mode particles from the streets. Also, it should be careful that the primary pollutants involving in the new particle formation at rooftop could originate from urban vehicle emissions (not the immediate ones near the sampling sites) and/or from regional transport. To thoroughly understand the mechanisms, solar radiation and wind direction are certainly not sufficient.
Response S2.7
As discussed in the response G2 above, new particle formation from vehicle emissions at the roadside, are often observed (Morawska et al., 2008) . As we noted, the major pollution sources surrounding Buildings A and C were the high traffic flow busway and freeway, respectively. The occurrences of nucleation events, due to local vehicle emissions at these buildings were therefore not unusual. The formation process found at the street and rooftop levels of these buildings was expected to be dependant mainly on local conditions, such as high condensable gas concentrations and solar radiation intensity, together with low preexisting particle concentrations. Conditions for locally new particle formation were also reported in previous research by Vakeva et al. (1999) and Kumar et al. (2009) . Meanwhile, at Building B the newly formed particles were transported from a nearby industrial zone and therefore, new particle production was not the result of local sources but was strongly influenced by wind speed, wind direction and the origin of incoming air masses (refer to section 3.2.2 for more detail discussions). Comment S2.8 1st para, page 1626: could the ships nearby be one of the causes?
Response S2.8 In regards to the emission sources around Building C, as denoted in the site description, the Brisbane River meanders past the building. However, emissions from the river (with about 250 ferries per day) are minimal compared to vehicle emissions from the freeway (110,000 vehicles per day).
Comment S2.9 2nd para, p1626: the statement on statistical difference in solar radiation was wrong. P=0.36 means there was no difference between the two sites. Similarly, throughout the entire manuscript, there were many statistical descriptions. But when looked at the mean _ S.D. and p values, sometimes we don't know which one we should trust. For instance, 1.15_0.35 vs. 1.88_1.19, large deviations suggest these two values did not have statistical difference. However, the test for this pair was p<0.001, suggesting significant difference. Generally mean _ 95% confidence interval would avoid this confusion.
Response S2.9
The statement on statistical difference in solar radiation has been revised, and Mean ± SD have been modified to Mean ± 95% CI.
In section 3.2.2, paragraph 7, p. 1626, lines 9-16, the sentence -Based on ... , respectively).‖ has been revised to " at rooftop and street levels, we also concluded that the intensity of new particle formation at Building B on 16 January 2010, was clearly stronger than that at Buildings A and C, although the mean solar radiation intensity (W m -2 ) (Mean ± 95% CI) during the nucleation event at Building B was not significantly different compared to Building A (664.3 ± 20.7 vs. 689.4 ± 22.4, p = 0.36) . At the same time, ratios between rooftop and street level values for N <30 and N <30 /N 30-300 were significantly lower at Building B compared to those at Building A (1.15 ± 0.09 vs. 1.88 ± 0.27, p<0.01; 1.20 ± 0.14 vs. 1.84 ± 0.30, p < 0.01, respectively) ." Comment S2.10 last para, page 1626 and 1st para, page 1627: From Table 3 , there was a significant difference in PN between the rooftop and street level at Building B (p = 0.01). However, here it said no difference. Is this for 16 Jan 2010 one day? If so, give PN concentrations at both sites and pvalue.
Response S2.10
In section 3.2.2, paragraph 8, p. 1627, lines 1-2, the sentence -there was ... at Building B.‖ has been revised to "the difference in ) between the rooftop and street levels at Building B (16, 900 ± 1, 490 vs. 15, 650 ± 1, 470; p < 0.05 ) was significant, but not to the same extent observed at Buildings A (8, 160 ± 1, 020 vs. 4, 570 ± 280; p < 0.01) and C (5, 340 ± 450 vs. 3.310 ± 270; p < 0.01) ." Comment S2.11 3.3 vertical profiles of particle concentrations For Building B, caution should be taken for vertical profile discussion as only two points were measured. We don't know what could happen between these two points.
Response S2.11
Please refer to the response G8 and S9 for the Referee 2 for revisions related to the vertical profiles at Building B. Table 2 : it would be helpful if the number of days can be listed for each building when vehicle emissions dominated. Mean _ SD should be replaced by mean _ 95% Confidence Interval. It is strange that p-value representation was not consistent. For instance, sometimes p<0.001 but sometimes p = 0.002, 0.006-both should be p<0.01. For p=0.015, it should be p<0.05.
Comment S2.12
Response S2.12
The mean ± SD and p_values in Table 2 have been revised to: Comment S2.13 Table 13 : same problems as Table 2 .
Response S2.13
The mean ± SD and p_values in Table 3 have been revised to: . PNSD spectra at Building C on a nucleation event day.
